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ICE-CORING  AUGERS  FOR 
SHALLOW  DEPTH  SAMPLING 


John  Rand  and  Malcolm  Mellor 


INTRODUCTION 

In  1950  an  effective  ice  coring  auger  (Fig.  1)  was 
developed  by  the  Arctic  Construction  and  Frost 
Effects  Laboratory  (ACFEL)  for  the  iJ.S.  Navy 
Hydrographic  Office;  see  Ueda  et  al.  (1975)  for 
detailed  references.  It  was  modified  in  1955-56  by 
the  Snow,  Ice  and  Permafrost  Research  Establish¬ 
ment  (SIPRE)  to  meet  the  research  requirements 
of  the  International  Geophysical  Year  (1957),  be¬ 
coming  known  worldwide  as  the  SIPRE  auger. 
After  ACFEL  and  SIPRE  merged  in  1961  to  form 


the  Cold  Regions  Research  and  Engineering  Lab¬ 
oratory  (CRREL),  a  few  minor  changes  were 
made,  and  the  drill  gradually  came  to  be  known  as 
the  CRREL  coring  auger.  A  variant  was  devel¬ 
oped  for  coring  in  fine-grained  frozen  soils,  but 
CRREL  research  on  ice  drilling  technology  (di¬ 
rected  by  B.L.  Hansen)  was  by  this  time  focused 
on  deep  coring  in  Greenland  and  Antarctica. 

The  ACFEL/SIPRE/CRREL  coring  auger  was 
a  remarkably  successful  design.  It  remained  the 
standard  tool  for  shallow-depth  coring  in  frozen 
materials  for  over  three  decades,  and  it  was  adapt- 


ed  for  tasks  well  outside  the  original  design  limits.  Bay  and  put  to  immediate  operational  use  in  sam- 

Although  designed  primarily  as  a  hand-held  tool,  pling  multi-year  pressure  ridges  in  the  Beaufort 

with  hand  rotation,  it  later  became  a  powered  au-  Sea.  Apart  from  some  minor  problems  with  the 

ger,  driven  by  a  hand-held  electric  drill  or  by  a  core-catcher  device  and  with  accumulation  of  cut- 

light  gasoline  unit  of  some  kind.  In  some  cases,  it  tings  above  the  core  barrel,  the  drills  consistently 

was  used  on  small  drill  rigs.  For  one-man  opera-  produced  cores  of  unprecedented  quality,  fre- 

tion,  a  practical  depth  limit  of  about  6  m  (20  ft)  quently  in  unbroken  lengths  of  1  m  or  more.  The 

was  set,  largely  by  the  weight  of  the  auger  and  the  new  drills  were  easy  to  handle  and  use,  and  were 

drill  rods,  but  hand-drilling  by  strong  teams  went  much  less  prone  to  jamming  than  the  older  CRREL 

as  deep  as  55  m  (180  ft)  in  Greenland  (Ragle  et  al.  auger. 

1964).  On  the  negative  side,  it  was  easy  for  inex-  Over  the  past  4  years  a  number  of  small  modifi- 

perienced  or  inept  operators  to  overdrive  the  drill  cations  have  been  made,  and  the  drill  is  now  be- 

and  jam  it  in  the  hole,  especially  in  wet  conditions  lieved  to  be  a  superior  replacement  for  the  CRREL 

(sea  ice,  “warm  ice,”  or  partially  thawed  soils),  3-inch  auger. 

and/or  with  high  penetration  rates  (when  produc-  The  following  notes  describe  the  original  3-inch 

tion  of  cuttings  outpaces  transport  or  exceeds  stor-  auger,  the  newer  Rand  drill,  and  other  tools  for 

age  capacity).  Intrusion  of  cuttings  between  the  shallow-depth  ice  coring, 

core  and  the  barrel  could  twist  off  the  core  period¬ 
ically,  and  long  pieces  of  unbroken  core  were 

recovered  only  rarely.  The  core  barrel  was  also  THE  3-INCH  ICE  CORER 

quite  heavy. 

In  1981  CRREL  undertook  a  sea  ice  study  for  The  main  component  of  the  3-inch  auger  system 

an  industry  group  headed  by  Shell  Development  is  the  core  barrel  (Fig.  2).  The  nominal  internal  di- 

Corporation,  and  it  was  decided  that  a  new  coring  ameter  is  3  in.  (76  mm),  and  diameter  of  the  hole  is 

auger  was  required  for  the  project  (Mellor  et  al.  4.375  in.  (Ill  mm).  The  overall  length  of  the  bar- 

1984).  The  new  drill  had  to  produce  core  of  ap-  rel  is  approximately  1  m  when  the  cutting  shoe  and 

proximately  4'A  in.  (108  mm)  diameter,  instead  of  the  driving  head  are  fitted.  The  cutting  shoe  has 

the  3-in.  (76-mm)  core  of  the  existing  CRREL  au-  two  chisel-edge  cutters  (Fig.  3),  each  of  which  has 

gers,  and  it  had  to  give  unbroken  sections  of  core  a  30°  rake  angle,  a  40°  included  angle,  and  a  20° 

at  least  11  in.  (280  mm)  long  so  as  to  provide  sped-  clearance  angle.  On  a  freshly  ground  cutter,  the 

mens  for  mechanical  tests.  The  drill  had  to  be  light  edge  projects  about  0.15  in.  (3.9  mm)  below  the 

enough  for  hand  operations  at  depths  up  to  10  m.  base  of  the  cutting  shoe.  The  outside  corner  of  the 

The  new  drill  was  designed  and  built  at  CRREL  cutter  projects  0.06  in.  (1.5  mm)  outside  the  cut- 

by  the  first  author,  with  funding  from  Shell.  De-  ting  shoe.  Mild  steel  cutters  are  used  when  drilling 

sign  drawings  were  produced  in  November/De-  in  ice.  The  effective  relief  angle,  which  limits  the 

cember  1980,  and  the  prototype  drill  was  made  angle  of  the  helical  penetration  path,  is  set  by  ele- 

earlyin  1981.  After  preliminary  tests  in  the  CRREL  vating  screws  that  can  be  shimmed  with  washers 

ice  well,  two  identical  drills  were  taken  to  Prudhoe  (Fig.  4).  Ice  chips  feed  from  the  cutters  to  two 


tungsten  cftueict  insert - 


a.  Steel  cutter.  The  center  hole  is  for  a  countersunk 
Allen-head  capscrew. 


b.  Tungsten  carbide  cutter  for  use  in  dirty  ice 
and  frozen  soil. 


Figure  3.  Cutters  for  SIPRE/CRREL  3-inch  auger. 


Figure  4.  Cutting  shoe  for  SIPRE/CRREL  auger,  showing  elevating  screws 
(a)  and  replaceable  cu tiers  (b). 


flights.  The  pitch  of  each  helix  is  nominally  8  in., 
actually  about  SV*  in.  (210  mm)  in  recent  models 
The  outside  helix  angle  is  30°.  Cuttings  were  in¬ 
tended  to  fall  through  holes  in  the  wall  of  the  bar¬ 
rel,  and  to  accumulate  above  the  end  of  the  core, 
but  appreciable  quantities  of  cuttings  are  con¬ 
veyed  above  the  barrel  when  a  power  drive  turns 
the  barrel  at  relatively  high  speeds.  Cuttings  al¬ 
ways  accumulate  above  the  barrel  if  the  length  of  a 
coring  run  exceeds  about  0.6  m.  Cuttings  accumu¬ 
lating  above  the  driving  head  can  jam  and  preven: 
extraction  of  the  core  barrel.  The  barrel  does  not 
have  a  core-catcher,  since  the  core  is  usually  re¬ 
tained  by  cuttings  jammed  between  the  core  and 


barrel  wall.*  Jammed  cuttings  also  apply  torque 
to  the  core,  and  this  is  probably  why  the  core 
breaks  into  short  lengths.  The  standard  material 
for  core  barrels  was  stainless  steel.  Some  had  a 
dull  sand-blast  finish,  some  were  chrome-plated, 
others  were  Teflon-coated.  Complete  auger  kits 
contained  a  starting  mandrel  consisting  of  a  hard¬ 
wood  block  with  a  twist  drill  for  temporary  inser¬ 
tion  inside  the  cutting  shoe  (these  were  rarely 
used). 

•A.  Kovacs  (personal  communication)  improvised  a  core- 
carehcr  for  lire  C'RREl  auger  by  sandwiching  a  projecting  ring 
of  rubber  sheet  between  the  cutting  shoe  and  its  mounting  ring. 


Figure  5.  Core  being  removed  from  the  upper  end  of  the  core  barrel  of 
the  3-inch  auger  (driving  head  removed). 


Figure  6.  Driving  head  on  the  3-inch 
.SIPRF  CRREL  auger. 


For  efficient  operation,  cutters  are  kept  sharp, 
both  on  the  cutting  edge  and  at  the  corners.  Spare 
cutters  are  carried,  and  dull  cutters  are  re-ground 
on  the  rake  face.  Precise  setting  is  necessary  to 
provide  overcut  on  the  inside  and  outside  diam¬ 
eters.  Some  unauthorized  copies  of  the  drill  failed 
to  work  because  subtleties  of  side-clearance  or  re¬ 
lief  angle  were  ignored.  For  drilling  in  frozen 
ground,  the  cutters  have  tungsten  carbide  inserts 
(Fig.  3b).  These  also  have  to  be  kept  sharp  by 
grinding  on  a  soft  wheel. 

In  ice,  a  coring  run  ends  when  the  barrel  is  filled 
with  core  plus  cuttings  (about  0.6  m  penetration 
per  cycle  at  depth).  The  barrel  is  then  removed 
from  the  hole,  the  core  is  extracted  (Fig.  5),  and 
extension  rods  are  added  as  required.  When  the 
drill  is  used  in  frozen  ground,  coring  runs  some¬ 
times  have  to  be  limited  to  0.3  m  to  avoid  jam¬ 
ming. 

The  core  barrel  is  connected  to  either  the  drive 
system  or  the  drill  rod  by  the  driving  head.  The 
original  driving  head  was  a  heavy  laminated  steel 
block  that  connected  to  the  reinforced  end  of  the 
barrel  by  means  of  retractable  pins  engaging  in 
holes  (Fig.  6).  The  pins  retract  by  a  lever-actuated 
cam.  The  mechanism  is  prone  to  freeze-up,  which 
then  invites  abuse  in  the  form  of  hammering  on 
the  lever,  sometimes  leading  to  permanent  dam¬ 
age.  For  heavy  duty  drilling  with  powerheads  and 
small  drill  rigs,  robust  driving  heads  with  dogs  and 
bolts  have  been  made  (Fig.  7).  The  driving  head  is 
removed  in  order  to  extract  core  from  the  barrel. 
A  ramrod  may  be  needed  to  push  out  the  core 
when  it  is  tightly  jammed  by  cuttings. 


the  range  0.15  to  0.35  m/min  (0.5  to  l.I  ft/min) 
are  more  typical. 

The  auger  can  also  be  rotated  by  a  y4-in.  electric 
drill  turning  at  about  300  to  500  rev/min.  The  re¬ 
quired  adapter  has  a  female  end  compatible  with 
the  extension  rods  or  the  core  barrel  head,  and  a 
solid  shaft  that  can  be  gripped  in  the  chuck  of  the 
drill.  With  electric  drive,  penetration  rates  in  the 
range  0.75  to  1.7  m/min  (2.5  to  5.5  ft/min)  have 
been  achieved  (Kovacs  1970,  Kovacs  et  al.  1973, 
Mellor  et  al.  1973). 

Hand-held  gasoline  engines  can  be  used  to  drive 
the  drill.  Suitable  units  are  power  heads  for  small 
post-hole  diggers  or  for  ice-fishing  augers.  These 
are  geared  down  to  give  about  200  to  500  rev/min. 
With  gasoline  drive,  penetration  rates  around  1 
m/min  (3.3  ft/min)  have  been  measured. 

Another  type  of  gasoline  drive  has  been  used, 
especially  for  coring  in  frozen  ground.  This  is  a 
post-hole  digger  in  which  the  engine  is  mounted  on 
a  wheeled  dolly  and  connected  to  the  rotary  drive 
unit  by  a  flexible  cable  (Fig.  9).  In  ice-rich  frozen 
silt,  this  type  of  arrangement  has  given  penetra¬ 
tion  rates  up  to  3.7  m/min  (12  ft/min)  with  ag¬ 
gressive  settings  on  sharp  carbide  cutters. 

For  some  projects,  the  3-inch  auger  has  been 
used  on  small  drill  rigs  (e.g.  Mobil  Drill  B-26)  to 
core  in  frozen  ground. 


When  penetration  depth  exceeds  6  m  (20  ft), 
two  or  three  people  are  needed  to  raise  and  lower 
the  drill  and  to  hold  the  string  while  adding  or  re¬ 
moving  extension  rods.  A  split  collet  at  the  mouth 
of  the  hole  is  useful  for  supporting  the  weight  of 
the  string,  and  a  tripod  or  gin  pole  helps  in  raising 
or  lowering  (Fig.  10). 


THE  RAND  AUGER 

Auger  specifications  for  the  1981  CRREL/Shell 
project  called  for  a  core  diameter  in  excess  of  4  in. 
(102  mm)  in  order  to  permit  precise  machining  of 
the  ice  down  to  4  in.  diameter  (Mellor  et  al.  1984). 
Unbroken  core  was  required  in  lengths  to  exceed 
11  in.  (280  mm),  and  relatively  long  coring  runs 
were  considered  necessary  (1  m  of  coring  penetra¬ 
tion  per  cycle).  When  these  requirements  are  met, 
the  weight  of  core  lifted  each  cycle  becomes  more 
than  three  times  the  weight  of  core  lifted  by  the 
3-inch  auger,  so  the  weight  of  the  drill  itself  had  to 
be  minimized  to  permit  hand  operation  by  two 
people. 

The  project  requirements  were  met  by  fabricat¬ 
ing  the  core  barrel  from  spun  fiberglass  tubing 
(CIBA  pipe),  using  aluminum  for  the  cutting  head 
and  the  drive-head  connection  (Fig.  11).  The  cut- 


f  iiiurt’  II.  rirsr  version  of  the  4' 4-ineh  Rand  aiiiter. 
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/  mure  12.  C  iirreiit  version  of  the  Rand  uu.aer.  .Sole  that  holes  in  the  barrel  wall  have 
t'vt  n  eiinioialed. 


tirik!  head  ssa'  tilled  wiih  vprme-U'aded  dogs  lo 
break  and  leiaiii  ^oie  I  Mensuni  rods  were  idenii- 
eal  to  ino'e  U'eo  wiih  the  '  in,  auger,  but  alumi- 
mirn  seineiiiie  1  •  weie  ['lovided  to  stablli/e  the 

drill  string  .igaiii'i  liexute  .uid  tlexural  vibration. 
Slight  nii'dilu.nion'  were  made  on  the  basts  ol 
field  experieiKe,  ihe  ^urient  version  ol  the  drill  is 
shown  in  I  igures  12,  13  ,ind  14. 

Dining  the  tirst  Held  season  the  two  proiotvpe 
drills  (Mg.  15)  perioimed  well  and  easily  provided 
the  required  amount  ol  eore.  With  penetration 
depths  ol  1  to  7  III  (6.6  to  23  It),  tvvo-tnan  teams 
extraeted  a  total  ol  3.30  m  (1083  it)  ol  eore  trom 
several  ditlerent  sites  iti  relatively  short  helieopter 
forays  from  Deadhorse  (see  Cox  et  al.  [I984|  for 
details).  The  following  things  caused  a  lew  diffi¬ 
culties: 

1 )  cores  were  hard  to  break  tree  at  the  end  of  a 
coring  run 

2)  the  core-catcher  dogs  tended  to  slip  and 
gouge  the  core  during  attempts  to  bie.ik  tlic 
core,  or  during  lifting 

3)  cuttings  accumulated  above  the  core  bane! 
and  sometimes  blocked  the  iccovery  lift. 

These  initial  operating  pronlcms  were  dealt  with 
by;  I)  mollifying  the  core  dogs  (1  ig.  14)  foi  more 
positive  action,  2)  using  an  iinpaci  device  to  .iid  m 
seating  the  dogs  and  breaking  the  coie  (1  ig,  16  and 


17),  and  3)  adding  a  short  length  of  wide-scroll  au¬ 
ger  about  the  core  barrel  (l  ig,  18)  to  keep  the  cut¬ 
tings  agitated  (Cox  et  al.  1985).  As  experience  with 
the  prototypes  accumulated,  construction  details 
were  simplified  slightly.  The  holes  in  the  wall  of 
Ihe  core  barrel  were  eliminated  in  recognition  of 
the  fact  that  most  of  the  cuttings  are  transported 
above  the  core  barrel  when  a  power  drive  is  used 
(see  Meilor  |1981]  for  mechanical  details  of  auger 
tiaiispori). 

!  he  curieiii  version  of  the  auger  (Mg.  12)  has  a 
fibeiglass  core  barrel,  4  .•  in.  (1 14  mm)  outside  di¬ 
ameter.  4'h„  in,  (1 10  mm)  inside  diameter,  with  a 
wail  thickness  of  'h.-  in.  (2.38  mm).  The  cutting 
head  (I  ig.  12  and  13)  is  aluminum,  with  an  inside 
diameter  ol  4' 4  in,  (108  mm)  and  an  outside  diam¬ 
eter  of  5':  in,  (140  mm).  It  has  two  helical  slots 
lor  the  cutters,  each  inclined  at  45'''  to  the  face  of 
Ihe  cutting  head.  I  he  replaceable  cutters  are  rcc- 
laiigul.ir  steel  blanks,  1'  ;  ■  y,,  x  in.  (38.1  x 

17.5  ■  4.76  mm),  with  one  end  groundsharp  to  a 
30  included  angle,  and  with  holes  drilled  for  lo¬ 
cating  dowels  and  a  clamimig  screw  (Mg.  13). 
When  claiiiiK’d  into  45  milled  sockets  in  Ihe  cul¬ 
ling  head  (I  ig.  13),  the  cutter  has  a  rake  angle  of 
45  .  an  mcluilcil  angle  of  30  and  a  clearance 
angle  ol  15  (Ihe  elleciive  relict  angle  is  smaller, 
xci  bv  me  pioieciion  ol  Ihe  cutter  and  the  face  of 


Figure  14.  Details  of  drive  adapter  and  core  dogs  for  current  version  of  Rand  auger. 


Figure  15.  Prototype  Rand  auger  with  t/i-inch 
electric  drive. 
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Figure  17.  Reverse  impact  hammer  for  seating 
core  dogs  and  breaking  core. 

the  cutter  head,  or  by  elevating  screws).  The  cutter 
is  slightly  wider  than  the  annular  width  of  the  cut¬ 
ter  head,  cutting  to  an  inside  diameter  of  4V„  in. 
(106  mm)  and  an  outside  diameter  of  5V,t  in.  (141 
mm).  The  cutting  edge  projects  (3.2  mm)  below 
the  face  of  the  aluminum  cutting  head. 

The  two  flights  on  the  core  barrel  are  made  by 
wrapping  on  successive  layers  of  'A  in.  (12.7  mm) 
wide  nylon  webbing  that  has  been  dipped  in  epoxy 
resin.  The  finished  flights  (Fig.  19)  are  Vn  in. 
(14.3  mm)  thick,  and  their  width  in  the  radial  di¬ 
rection  is  '/j  in.  (12.7  mm).  The  pitih  of  each  flight 
is  8  in.  (203  mm),  giving  an  outside  helix  angle  of 
25°.  The  fiberglass  barrel  with  the  flights  attached 
is  finished  with  a  high  gloss  epoxy  paint. 

The  overall  length  of  the  core  barrel  is  55  in. 
(1.4  m),  but  the  driving  head  (Fig.  12  and  14)  pro¬ 
jects  into  the  top  end  of  the  barrel  a  distance  of 
IV,  in.  (47.6  mm),  leaving  an  internal  free  length 
of  approximately  53  in.  (1.35  m).  With  the  present 
version  of  the  drill,  most  of  this  length  can  be  used 
for  core  on  a  single  run  (unbroken  lengths  of  core 
up  to  1.28  m  have  been  recovered — Fig.  20). 
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Figure  16.  Using  the  reverse-impact  hammer  for 
seating  the  core  dogs  and  breaking  the  core. 
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a.  Winding  auger  flights  in  lathe. 


b.  Finished  flights. 

Figure  19.  Core  barrel  of  Hand  auger. 
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Figure  20.  Core  of  muiti-year  sea  ice  produeed  by  the  prototype  Rand  auger. 


The  driving  head  is  a  simple  bracket  that  attach¬ 
es  to  the  reinforced  upper  end  of  the  core  barrel  by 
a  '/:  in.  (12.7  mm)  diameter  pin.  The  pin  is  re¬ 
tained  in  place  by  two  spring-loaded  catches  that 
engage  in  grooves  (Fig.  14),  The  top  of  the  core 
barrel  is  not  completely  closed  off  by  the  driving 
head,  so  that  some  cuttings  can  fall  into  the  barrel. 
The  driving  head  could  be  modified  to  form  a 
complete  cap  over  the  barrel. 

To  avoid  jamming  the  cuttings  during  retraction 
from  a  deep  coring  run,  a  short  section  of  flight 
auger  can  be  fitted  (Fig,  18).  This  is  essentially  a 
'/;-m  extension  rod  with  a  5 '/.-in. -diameter  single¬ 
start  flight  added. 

For  deep  coring,  the  drill  string  is  stabilized  by 
slipping  a  centering  disc  onto  the  extension  rod 
about  every  2  m.  The  discs  are  'A-in.  aluminum 
plate,  S'A  in.  (140  mm)  OD,  with  a  l"/i.,-iii.  hole 
that  allows  the  disc  to  slip  over  the  aluminum  tube 
while  being  checked  by  the  I'A-in.  connector 
sleeve. 

So  far,  this  corer  has  been  driven  by  ’A-in.  and 
'A-in.  electric  drills,  which  turn  at  approximately 
400  to  600  rev/min  and  are  rated  at  about  1 .2  and 
0.72  kVA  respectively. 

Penetration  rates  of  5.6  to  6.7  ft/min  (28  to  34 
mm/s)  have  been  measured  in  cold  freshwater  ice 
(Sellmann  et  al.  1985). 

Complete  shop  drawings  for  construction  of  the 
Rand  auger  arc  available  from  CRREL. 


PARALLEL  DEVELOPMENT  OF 
COMPARABLE  DRILLS 

Ice  drill  development,  once  concentrated  heavi¬ 
ly  at  CRREL,  moved  to  the  Polar  lee  Coring  Of¬ 
fice  (PICO)  at  the  University  of  Nebraska,  plus 


some  European  centers,  following  the  move  of 
Lyle  Flansen  from  CRREL  to  Nebraska.  In  recent 
years,  development  efforts  have  been  directed 
mainly  to  probtems  of  deep  coring  in  ice  sheets 
and  glaciers,  but  a  need  to  replace  the  CRREL 
3-inch  auger  was  not  ignored. 

In  1982,  the  University  of  Nebraska  group  suc¬ 
cessfully  operated  a  lightweight  hand  coring  auger 
intended  to  replace  the  SIPRE/CRREL  3-inch 
auger  (Koci  1984).  This  drill,  the  PICO  auger,  has 
essentially  the  same  core  diameter  as  the 
SIPRE/CRREL  auger,  i.e.  nominally  3  in.*  Like 
the  Rand  auger,  it  uses  glass/epoxy  pipe  for  the 
core  barrel,  but  it  also  has  fiberglass  extension 
rods.  This  gives  a  very  light  system,  and  the  drill 
can  be  used  without  a  tripod  to  a  depth  of  30  m. 

For  the  PICO  auger,  the  SIPRE/CRREL  cut¬ 
ting  head  was  redesigned  by  adding  core-catcher 
dogs,  much  like  those  on  the  Rand  auger,  and  by 
increasing  the  positive  rake  on  the  cutters  to  45° 
(again  like  the  Rand  auger).  The  core  barrel,  which 
is  available  in  lengths  of  either  1  m  or  2  m,  is  fiber¬ 
glass  pipe  with  holes  in  the  wall.  The  flights,  which 
appear  to  have  a  pitch  of  approximately  8  in.  (203 
mm),  are  cut  from  polyethylene  sewer  pipe  and 
riveted  to  the  barrel.  The  extension  rods,  available 
in  lengths  of  1  m  and  2  m,  are  maee  from  2-in.  fi¬ 
berglass  pipe,  and  the  connections  are  made  with 
threaded  connectors  (modified  Acme)  designed 
for  joining  water  pipes.  To  avoid  jamming  the 
drill  by  overdriving,  elevating  screws  on  the  cut¬ 
ting  head  are  set  so  as  to  allow  the  cutter  edges  to 
project  only  0.05  in.  (1,27  mm)  beyond  the  elevat¬ 
ing  screw. 


•  -A  4-in.  vcrsuiN  ix  fi<»w  hclicvcJ  lo  be 


Figure  22.  1 2-inch-diameter  ice  coring  auger — details  of  cutting  head. 


THE  BIG  JOHN  12-INCH  CORER 

In  1982  a  12-in. -diameter  corer  was  built  for  the 
CRREL/Shell  sea  ice  study  (Cox  et  al.  1985).  The 
purpose  of  this  device  was  to  extract  large  cores, 
from  which  4'4-in. -diameter  cores  were  later 
drilled  in  various  directions  so  as  to  provide  ori¬ 
ented  test  specimens. 

The  12-inch  corer  has  a  fiberglass  barrel  with  an 
aluminum  cutting  head  at  the  lower  end  and  a  steel 
driving  head  at  the  upper  end  (Fig.  21).  The  inside 
diameter  of  the  cutting  head  is  12  in.  (305  mm), 
and  its  outside  diameter  is  13'4  in.  (343  mm).  The 
height  of  the  aluminum  head  (Fig.  22  and  23)  is 
2V,»  in.  (61.9  mm).  The  fiberglass  barrel  (Fig.  21 
and  25a)  has  an  outside  diameter  of  12'/;  in.  (318 
mm),  a  wall  thickness  of  V,.  in.  (4.76  mm),  and  an 
inside  diameter  of  12'4  in.  (308  mm).  The  double 
flight  is  formed  by  wrapping  on  successive  layers 
of  'A-in.  nylon  webbing  soaked  in  epoxy  resin, 
giving  a  radial  width  of  1/2  in.  (12.7  mm)  for  the 
finished  flight,  and  a  finished  thickness  of  V,»  in. 
(14.3  mm).  The  pitch  of  each  flight  is  24  in.  (610 
mm),  and  the  outside  helix  angle  is  30°.  The  over¬ 
all  length  of  the  barrel  and  cutting  head  is  49’4  in. 
(1.26  m),  but  the  four  prongs  of  the  driving  head 
project  into  the  barrel  4'/;  in.  (114  mm),  leaving  a 
usable  internal  length  of  45'/4  in.  (1.15  m). 


The  driving  head  (Fig.  24)  is  a  simple  four-arm 
“spider”  attached  permanently  to  the  core  barrel. 
Its  central  shaft  steps  down  in  two  stages  to  the 
standard  I'A-in.  connector  size. 

The  12-inch  corer  does  not  have  a  core-catcher, 
although  an  experimental  core-cutter  was  tested 
during  development  of  the  prototype.  At  the  end 
of  a  coring  run  the  barrel  is  retracted,  leaving  an 
unbroken  core  in  the  hole.  The  length/diameter 
ratio  of  the  core  (Fig.  26)  is  typically  <  3.5.  A 
separate  core  retrieval  device  (Fig.  25b)  is  a  plain 
cylinder  of  12-in.  schedule  40  steel  pipe  fitted  with 
spring-loaded  dogs  at  the  lower  end.  The  retrieval 
cylinder  is  shorter  than  the  interior  of  the  core  bar¬ 
rel  (27  in.  against  45  in.),  so  that  core  extends  be¬ 
yond  the  bottom  of  the  retriever  (Fig.  25b).  The 
outside  diameter  is  12V»  in.  (324  mm),  so  that  it 
fits  easily  into  the  13 '/2-in.  (343-mm)  hole.  At  the 
upper  end  is  a  small  hydraulic  actuator  that  can 
push  against  one  side  of  the  hole  so  as  to  tip  the 
barrel  and  thus  break  the  base  of  the  ice  core.  The 
hydraulic  actuator  is  operated  from  a  small  hand 
pump  through  a  flexible  hose. 

For  coring  to  depths  up  to  2  m,  a  simpler  proce¬ 
dure  can  be  used  to  recover  core.  After  removal  of 
the  core  barrel,  the  core  is  broken  by  wedging  a 
pry  bar  between  the  core  and  hole  wall.  The  core  is 
then  gripped  by  a  mechanical  clamp  (Fig.  27),  and 


Figure  23.  Ciiitinn  head  of  12-inih  auger  (one  culler  and  hoih  elevaling 
plale.s  have  been  remoled  in  ihis  pholo}. 
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f  iviire  2x  Ij-inch  corer  (a)  and  core  reirieml  cyliiuler  (h). 


6.  I  J-ou  h-duimelcr  core  at  multi  year  sen 


lifted  by  a  cable  attached  ui  the  drill  hoist.  A 
three-proiig  niechanictil  clamp  has  been  proposed 
for  futtire  vcork  (J  ig.  2S). 

rite  12-inch  corer  cannot  be  operated  effect  is  ely 
by  hand,  since  a  1-tn  Ictigth  ol  core  (big.  2(i) 
weighs  about  l.'t)  lb  (hS  kg).  \  sniull  cotnincrcial 
drilling  rig*  was  tnodilicd  atid  used  to  opeitttc  the 
12-inch  corer  iti  ldS2.  I  he  basic  slrill  ntiit  dn\cs 
the  drill  head  In  a  ~-hp  air-coolcsl  ga'olitic  cttgmc 
through  a  spur  geat  red'.tctiott.  gisitig  a  m;i\nnimi 
rotatiiutal  speed  of  144  ic\  tmn.  I  he  shill  hcail. 
with  its  altachcsl  engine.  liaseU  up  ansi  sh'wn  a 
simple  mast,  using  isiller  shos-  cli.mi  tin  lit!  aiisl 
downlhrust.  1  he  dri\e  chain  tuocl  aiisl  sKnsn 
thrust  force  are  cs'nlioliesl  In  a  h.iiisl  wheel 
ihrougli  a  double  lesluclion.  I  he  Im's'  i>l  ihc  shill 
unit  is  a  trailer.  I  s'l  ice  esuing.  tbs'  shill  ss.is  tntesl 
with  a  folding  imtsi  e\tensu>n.  with  i.nks  tsu  lesel 
ing  and  stabili/mg.  aiisl  with  lUi  ismsI  nie-  il  ig 
2rf).  I  he  trailer  was  ins'shticsl  ss'  that  il  vi'iihl  be 
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Figure  27.  Two-prong  gripper  for  lifting  12-inch  ice  cores 


Figure  28.  Three-prong  variant  of  gripper  for  lifting 
large-diameter  ice  cores. 
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a.  Three-wheel  version  of  trailer.  b.  Two-wheel  version  oj  trailer. 

f  iiiitre  29.  Small  drill  ri:^  used  to  operate  the  12-inch  cortnfi  aiifter.  The  inusi  e.xiension  isjolded  down 
in  these  ptiolos. 


u-'ccl  m  ;i  itHw-u  hcol  contiguraiioii  {t  ii;.  29a)  or  a 
iwo-wheci  conriguratioii  (1  ig.  29b). 


POWKR  DRIVKS 

.•\  power  dri\e  >lioiild  iiiaieh  (he  euitiiig  charae- 
lerisiie'  ot  lire  auger  and  the  plisMeal  limits  ot  tire 
operator.  It  slu'iild  otiNtously  haseeooug))  power 
and  (orepre  to  rotate  tire  auger,  but  the  require- 
tiietiis  lor  loretue  reaetn'tr  s(tould  be  wittiin  limits 
that  are  >.nmtort.tnle  tor  a  hand-held  utrrt. 

Speed,  power  atjct  tor\|ue  tequirernettts  eatt  be 
w.irtseO  our  s\ ^lernatiealK  (Mellor  and  Sellrnamt 
|9~',  Mellor  19~6.  1981).  .trrd  transport  ol  eut- 
ting'  on  I  tie  auger  tlights  can  also  be  a(ial>/ed 
(Mellor  19-n.  )98l)  H  nw  es  et .  seleel  ion  ol  a  drive 
iiini  w  U'Uallv  .1  inarier  ol  linUing  the  most  suil- 
.il'ie  ^otnrneiy.ial  Hern  Hr. it  is  reavlilv  avaihible.  .As 
,1  riHieli  rule  ol  itiuinb.  a  suiiatMe  lolalion  speed 
till  ein'1.1  vuliiiig  K  one  inai  goes  a  tangential  eul- 
lei  'peed  ol  .it'oill  4IHI  11  Itlin  (  IJd  ttl  mill)  but 
la'ie;  u'l.i'.ioii  ^.in  iinpiose  tlie  liaiispon  ol  chips 
hv  the  lliL'Iii'  1  iL'uie  to  give'  weuKable  lelaiioiis 
helweeii  loMUon  -pe- vl  aiiei  t’lt  di.uiieier. 

Wnti  new  ^ulU'i-.  elev.iling  'views  tiillv  letiael- 
e'vl.  aiivl  lu.ivv  dt'w  II I  hi  u'l ,  (he  SIl’Rl  (.  KRl  I  t- 
incti  .lugei  v.;n  pent  t.'.iie  ,il  0  t  m.  rev  (".b  mm 
rev  I.  and  the  R.iiul  augei  van  (venei i are  at  0. tfv  m. 
rev  0)  1  linn  levi  With  ivpic.d  vlownihrust  lor 


hand  operation  at  shallow  depth,  this  amount  of 
penetration  will  not  be  realized  and,  if  it  were, 
torque  might  be  e.xcessive  and  core  quality  might 
suffer.  To  remove  effects  of  varying  downthrust, 
the  penetration  per  revolution  can  be  reduced  by- 
using  the  elevating  screws,  Ma.ximum  penetration 
rate  of  about  0.15  in. /rev  (3.8  mm/ rev)  is  reasona¬ 
ble  for  the  CRREI,  tools,  which  gives  maximum 


Tongential  Speed  of  0  0 
(ft/mm) 
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I  ivute  2(1.  Tlnll  rolalion  speeds  for  power- 
driven  tee  coriite  aiivers. 


drilling  rates  around  i'/i  ft/min  1 . 1  m/min)  with  a 
drive  unit  rated  at  300  rev/min  (typical  '/,-in.  elec¬ 
tric  drill). 

For  a  fixed  (controlled)  penetration  rate,  the 
chip  clearing  rate  of  the  auger  can  be  increased  by 
increasing  the  rotational  .speed,  but  the  chip  size 
then  decreases,  giving  greater  tendency  for  adhe¬ 
sion  by  very  small  ice  fragments.  The  speeds 
shown  in  Figure  30  are  adequate  and  safe  with  the 
limits  on  penetration  rate  suggested  above. 

For  large  diameter  augers,  the  specifications  for 
power  drives  need  to  be  optimized  in  accordance 
with  the  equipment  available.  Hand  operation  of 
the  drilling  function  is  perfectly  feasible,  but  cores 
cannot  be  lifted  by  hand.  If  a  small  drilling  rig  is 
used  for  both  drilling  and  core  recovery,  it  be¬ 
comes  practical  to  apply  more  torque  and  power. 


A  SIMPLE  Rl  SSIAN  1C  E-CORER 

In  the  Soviet  Union  a  simple  ice-fisherman’s 
tool  has  been  adopted  for  research  sampling. 
Known  as  the  Pl-8  (Fig.  31),  this  improbable- 
looking  device  is  vers  effective  for  coring  to  depths 
up  to  2  m.  Standard  sersions  from  fishing  shops 
come  in  diameters  of  120,  180,  210  and  310  mm 
(4.72,  7, OS).  8.27  and  12.1  in.). 

The  cutting  element  is  a  split  ring  of  square  or 
rectangular  cross  section.  The  cutting  edge  is 
formed  directly  on  the  ring  and  the  relief  angle  can 
be  set  and  adjusted  by  straining  the  ring  with  a 
pull  in  the  axial  direction  of  the  free  ends  (making 
the  ring  slightly  helical).  A  split  ring  of  this  kind 
should  be  easy  to  make  from  a  slice  of  thick-wall 
steel  pipe. 

The  extension  rod  is  welded  to  the  cutting  ring. 
Its  diameter  is  less  than  the  wall  thickness  of  the 
cutter  ring  so  that  it  can  travel  freely  in  the  kert 
between  the  core  and  the  hole  wall.  The  device  is 
rotated  by  hand  using  an  offset  turning  brace,  and 
cuttings  are  cleared  by  lifting  the  ring  to  the  sur¬ 
face  from  time  to  time. 

To  make  precise  holes,  the  device  has  been  mod¬ 
ified  by  increasing  the  number  of  rods  to  three,  se¬ 
curing  the  rods  to  a  fixed  ring  at  the  top,  and  fit¬ 
ting  the  rods  with  a  sliding  guide  ring  that  slays 
near  the  top  of  the  kerl  (A.  Fish,  personal  commu¬ 
nication).  This  variant  can  be  rotated  from  a  cen¬ 
tral  shaft  in  the  conventional  way. 


CON(  I.l  SIONS 

The  design  and  construction  of  efficient  ice  cor¬ 
ing  augers  for  penetration  to  about  30  m  is  now 


Figure  31.  ke-fisherman's  auger 
(Pl-8)  used  for  shallow  coring  in  the 
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lairly  straightforward.  Future  developnrients  will 
probably  be  refinements  for  easier  operation  and 
lighter  weight. 

Fiberglass  core  barrels  with  bonded  nights  of 
nylon/epoxy  have  proved  very  successful.  Devices 
for  breaking  and  gripping  cores  are  now  satisfac¬ 
tory,  but  some  modifications  or  alternatives  might 
appear  in  the  future.  Extension  rods  of  fiber-rein¬ 
forced  composites  seem  attractive,  especially  if 
they  have  couplings  that  are  convenient  and  ro¬ 
bust.  Hand  rotation  is  satisfactory  for  coring  in 
dense  snow  (firn),  but  power  drives  are  likely  to  be 
preferted  tor  ice  coring.  Lifting  and  lowering  the 
drill  string  by  hand  becomes  easier  as  the  equip¬ 
ment  gets  lighter,  but  simple  hoists  are  useful  for 
deep  penetration  and  for  drilling  large  diameter 
cores.  Added  downthrust  is  not  necessary  as  long 
as  narrow-kerf  cutlers  are  employed. 

Transport  and  removal  of  cuttings  have  to  be 
dealt  with  in  an  orderly  way,  in  both  design  and 
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operation.  With  narrow  flights,  it  is  possible  to 
overdrive  the  penetration  and  clog  the  flights  with 
ice  chips.  This  could  jam  the  drill,  especially  in  wet 
or  warm  conditions.  The  solution  is  to  set  the  cut¬ 
ters,  or  use  elevating  screws,  correctly.  Cuttings 
that  are  transported  above  the  core  barrel  could 
become  compacted  into  a  solid  plug  during  with¬ 
drawal  of  the  drill,  especially  when  wet  or  warm, 
again  jamming  the  drill.  This  problem  can  be 
solved  with  a  wide-scroll  auger,  or  a  chip-collector 
bucket,  above  the  core  barrel. 

Drilling  situations  can  vary  considerably,  and 
there  can  be  troublesome  combinations  of  cold  ice 
and  intruding  water.  Lightweight  equipment  can¬ 
not  withstand  brute  force  treatment,  or  other 
abuses.  It  is  therefore  desirable  to  have  operators 
with  common  sense  and/or  experience. 
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